necessitating refinement of existing diffraction theory. We predict the disappearance of a diffraction ring during growth, and a nonmonotonic variation of roughness with temperature. [1] emphasizes that competition between noise in the deposition flux and surface relaxation processes produces films that have locally both time-and (length) scale-invariant structures, but that roughen globally. Associated critical exponents characterizing local structure and global roughening fall into discrete universality classes. A corresponding diffraction theory has been developed [2] to facilitate interpretation of surfacesensitive diffraction studies. The second paradigm [3, 4] is tailored to systems where downward transport (and film roughness) is controlled by a step-edge or Schwoebel barrier Es,h. It predicts "unstable" growth of "mounds, "
with fixed slope, which coarsen in time according to some universal law.
The validity of these models for describing even "simple" homoepitaxial growth should be scrutinized. For example, despite the above model predictions of universal behavior, roughening of the growing film, and the associated effective exponent, may vary strongly with system parameters and with substrate temperature [5] . Also, existing diffraction theory [2, 5, 6] incorporates assumptions about the statistics of the film height distribution which we show are often violated. Other basic goals of modeling cannot be met with the Langevin approach, e.g. , explaining the observed evolution in the diffraction profile from an initially "split" ring structure, reflecting the characteristic separation of islands nucleated in the submonolayer regime [7] , to a nonsplit quasistationary form for rough films [2, 5, 6, 8] We also describe basic features of film morphology displayed by this model, not revealed in previous more idealized studies [1, 2] . These include a vertical asymmetry in the film height distribution, oscillations in height correlation functions, and deviations from a Gaussian height-difference distribution (for laterally separated pairs of surface points). Existing diffraction theory [2] [7, 11] .
Thus when diffusing adatoms meet, they irreversibly nucleate islands. When adatoms diffuse across a terrace to an ascending island edge, fall off an island, or are directly deposited adjacent to an island, they are irreversibly 4250 0031-9007/95/75(23)/4250(4)$06. 00 incorporated. Our algorithm then instantaneously restructures the island to maintain a near-square "equilibrium' shape [7] . This mimics rapid transport of edge adatoms to kink sites, a feature specific to metal (100) systems due to a low barrier for edge diffusion. When islands "collide" with other islands as they grow, we preclude restructuring, so they continue to grow as partly overlapping squares [7] .
Next we apply our model to analyze STM data for Fe(100) homoepitaxy with R = 0.012 ML/s at 20 C where island formation is irreversible [8] . We first match the adlayer morphology observed after deposition of 0 = 0.07 ML of Fe by selecting Ed = 0.45 eV with v = 10' /s. STM data [8] for the interface width W (defined below) and layer coverage distributions when 0 = 1-2 ML are then matched by selecting Es,h = 45~5 meV.
(Model behavior is very sensitive to the choice of Es,h).
With these parameters, we quantitatively reproduce the observed roughening TV -0~u p to 100 ML, our model prediction of P = 0. 18 matching experimental values [6, 8] . Similar results are reported in Ref. [12] . Snapshots of the growing film in Fig. 1 reveal the development of disordered "mounds" [3, 4] It is straightforward to show that [15] C(qi,~) = n exP[iqi j]P~~, and below we set AC(q&, B4) = C(qi, BZ) -C (q i,~) . Near q = 0, the intensity decomposes into Bragg delta function a-nd diffuse components, as [2) I(q, q ) = (2') A "(q)B(q) + I, (q, q ), (2) where AB"ss(qi) = C(qi,~) and I&;«(q, q~) = (3) where the~, are the cumulants of f (~i = 0 and K2 = 1). Equation (3) In Fig. 3(b) , we show the evolution from a split to a nonsplit diffuse profile Id'«calculated exactly from (1) .
We explain this behavior as follows. In the submonolayer regime, the overshoot in H(BC) produces a corresponding undershoot or "weak oscillation" in EC(q&, BE), obtained from (4), which in turn produces a ring structure [7] in Id'«. Our model produces smooth growth with p~0 , as T~0, due to downward funneling [10] . While smooth low-T growth has been observed in several metal (100) epitaxial systems [9] , the submonolayer diffraction profiles appear narrower [9] than predicted by our model. We expect this narrowness is due to "clumping" of atoms deposited near other adatoms, rather than to transient mobility [9) of isolated adatoms between 4FH sites.
Consequences for roughening as T~0 will be discussed elsewhere.
In 
